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Disruption of an essential conserved Pbx-dependent regulatory
module causes cleft lip/palate (CL/P)
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Elis cleft lip and/or palate (CL/P), which results from genetic
and environmental factors, is the most common human craniofa-
cial birth defect (1 in 500–2500 live births). Genetically, CL/P
frequently results from WNT, P63, and IRF6 mutations. However,
how these genes interact to specify mammalian midfacial forma-
tion is unknown. We generated a novel mouse model of CL/P via
compound loss of Pbx genes, which encode TALE homeodomain
transcription factors, in the cephalic ectoderm. We found that Pbx
genes regulate Wnt9b–Wnt3 by binding to a previously unknown
midfacial regulatory enhancer. In turn, we discovered that Wnt
canonical (WntCan) signaling is essential for midfacial ectoderm-
specific expression of p63 and its target gene Irf6, the mouse
ortholog of IRF6, which is most commonly mutated in human
CL/P. Intriguingly, p63 and Irf6 are mediators of apoptotic
programs in various contexts. We established that dysregulation
of a previously unknown, essential Pbx-dependent WntCan-p63-
Irf6 regulatory module leads to localized suppression of apoptosis
and CL/P. We demonstrated the primary role of Pbx-directed
WntCan signaling as a key determinant of lip morphogenesis by
complete rescue of the CL in Pbx mutants via ectopic expression of
Wnt1 in cephalic ectoderm cells. Interestingly, while the elements
regulating Wnt9b and Wnt3, p63, and Irf6 within the Pbx-
controlled module are conserved in mammals, their conservation
is lost in other amniotes, Xenopous, stickleback and zebrafish.
Thus, it is conceivable that the identified Pbx-directed regulatory
module is an evolutionary innovation associated with the
appearance of elaborate choanae, upper lip, and primary and
secondary palate in mammals, all of which can be affected by CL/P.
The Pbx-mediated regulatory module identified and characterized
in this study, which is required for normal midfacial formation,
delineates a novel network of candidate genes for diagnosis,
prevention, and repair of human CL/P.
doi:10.1016/j.ydbio.2011.05.360
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TGFβ promotes murine palatal growth by Smad dependent and
Smad independent pathways
Xiujuan Zhua, Changchih Liua, Ali Nawshadb
aUniversity of Nebraska Medical Center, Lincoln, NE, USA
bUniversity of Nebraska Medical Center Oral Biology, College of Dentistry,
Lincoln, NE, USA
Cleft palate, the most common craniofacial birth defect, arises due
to the failure of adequate growth of the embryonic palatal shelves.
During palatogenesis, palatal mesenchyme undergoes increased cell
proliferation for palatal growth, elevation and fusion of the two
palatal shelves. Interestingly, all three TGFβ isoforms (1, 2 and 3) are
expressed in the palatal mesenchyme throughout these steps of
palatogenesis. However, the role of TGFβ in promoting palatal
mesenchymal cell proliferation has never been explored. The purpose
of the study was to identify the effect of TGFβ on human embryonic
palatal mesenchymal (HEPM) cell proliferation. Our results showed
that all isoforms of TGFβ, especially TGFβ3, increased HEPM cell
proliferation by up-regulating the expression of cyclins and Cyclin
Dependent Kinases. Furthermore, TGFβ activated both its Smad
dependent and Smad independent pathways to bind to the promoter
to activate c-Myc gene. The role of TGFβ in palatal mesenchymal cell
proliferation is essential for complete palatal confluency. We hope
that our data will shed some light to the potential role of TGFβ as a
therapeutic molecule to correct cleft palate by promoting growth.
doi:10.1016/j.ydbio.2011.05.361
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Mechanical and biochemical relationship between the developing
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Data presented here are an example ofWaddingtonian epigenetics.
Our process of linking genetic and non-genetic clues that together
produce a cleft palate started several years ago. Previously, we
described that in the complete absence of the skeletal musculature
mouse palatal shelves cannot fuse, resulting in a cleft palate. This
observation eliminated the previous belief that the tongue may be an
obstruction to the palatal fusion and established that a synergistic
action of the complete facial musculature is needed for proper palatal
fusion. Additional information frommaxillofacial surgeons, suggesting
that the cleft palate is a muscle disease rather than a consequence of
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the palatal material insufficiency, prompted us to identify molecules
that, in addition to the mechanical stimuli from the musculature, may
be instructing the palatal shelves to fuse. To that end, we employed
cDNA microarray analysis comparing the normal palate to the cleft
palate inmusclelessmouse fetuses. Using aminimumdifference of 3.5,
we obtained 19 up-regulated and 115 down-regulated molecules. Our
consultation of expression, distribution and function databases
revealed the following candidate molecules with a novel function in
the palatal development: Tgfbr2, Bmp7, Gdf11, Trim71 and possibly
E2f5, Ddx5, Gfap and Sema3f. Currently, we are completing our
analysis of Gdf11 mice that clearly shows cleft palate. This work is
funded by NSERC, CFI and DMRF to B.K.
doi:10.1016/j.ydbio.2011.05.362
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Resveratrol prevents impairment in MAP kinase pathways and
protects the embryos against malformations in a rodent model of
diabetic embryopathy
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Diabetes is a metabolic disorder known to induce various
complications in the eye, kidney, peripheral and central nervous
system. In case of females the problem gets further aggravated as
diabetes also impairs embryonic development during pregnancy and
causes diabetic embryopathy. The high rate of birth defects associated
with diabetic embryopathy is a significant public health problem in
United States. Among the various malformations in diabetic embryo-
pathy, neural tube defects (NTDs) are the most common complica-
tions. Many studies have shown that 50–70% of NTDs can be prevented
by folic acid supplementation before and during pregnancy. However,
complete protection by any drug or supplementation remains elusive.
G-proteins (Gi/Go/Gz) have been reported to be involved in neural
tube closing and knocking out of Rho GTPase (Rac1) causes
exencephaly and spina bifida. Recent studies suggest that resveratrol
improves insulin sensitivity, lowers plasma glucose, and increases
mitochondrial capacity in diet-induced obese mice. This study
investigated if resveratrol prevents diabetes-induced embryonic
malformations. Using a rodent model of diabetic embryopathy we
demonstrate that resveratrol (100 mg/kg body wt) administration to
diabetic dams reduces blood sugar and improves lipid profile (Singh et
al., Mol Nutr Food Res 2011, 55: 1–11). It also prevents malformations
such as NTDs in the embryos. Our immunohistology and biochemical
assays further show that diabetes affects MAP kinase pathways while
resveratrol prevents it. As MAP kinase pathways are also regulated by
Rho GTPases (RhoA and Rac1), resveratrol may target Rho GTPase
signaling to prevent neural tube defects.
doi:10.1016/j.ydbio.2011.05.363
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High concentrations of peroxynitrite in sperm induce infertility
on spontaneously diabetic rat models
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One of the common causes of infertility is the defective sperm
function. Sperm can produce both O2(―) and NO during capacitation,
and these two radicals combine to form peroxynitrite(ONOO―).
Tyrosine nitration is a generally used marker of ONOO―. ONOO― has
a very short half-life, but it is able to make selective protein 3-
nitrotyrosine(on sperm protein), so 3-NT is measured as pointer for
the formation of ONOO―. Meanwhile oxidative stress (especially
ONOO―-mediated) has been considered to be pathogenesis of diabetic
complications. Some studies have shown that the level of NT was
significantly increased inplasmaof diabetic rat, comparedwith control
rats. Itmeans that overproduction of ONOO― had an effect on diabetes.
Also other studies revealed the involvement of NT during the sperm
capacitation and acrosome reaction. Therefore, this report aimed to
clarify the effect of ONOO― on sperm function impairment in
spontaneously diabetic rat models. We evaluated physiological effect
of ONOO― on these rat sperm function and compared Sprague–Dawley
(SD) rats. For NT protein expression level evaluation, we used western
blotting analysis. Level of 3-NT-containing proteins in spontaneously
diabetic rats was significantly increased than SD. Moreover, we
examined the change of sperm motility and capacitation, and our
work indicates that excessive exposure of spontaneously diabetic rats
sperm to ONOO― deceases motility and capacitation. This result
demonstrates that induced sperm dysfunction by overproduction of
ONOO― have a potential pathogenic role in infertility of diabetes.
doi:10.1016/j.ydbio.2011.05.364
Program/Abstract # 406
The role of folic acid in regulating epigenetic processes during
mammalian embryonic development
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Gene-environment interactions influence embryonic development
and diseases. Folic acid (FA) supplementation is used as a public health
measure for prevention of birth defects. How FA interacts with genetic
components during embryogenesis remains poorly defined mainly
due to our inability to study FA-gene interactions in human develop-
ment. Here, we utilize the power ofmouse genetics and embryology to
study the molecular interaction between FA and the Line 3 Poly (L3P)
genetic component in mice. Under multi-generational low (2 ppm) FA
diet, heterozygous females harboring L3P mutation undergo embryo-
nic lethality. Importantly, L3P±lethality is rescued under high
(10 ppm) FA diet. We hypothesize that L3P±female loss is due to
defects in the maintenance of the inactivated X chromosome (Xi). As
FA is a methyl donor for DNA methylation and DNA methylation is
essential for Xi maintenance, FA may rescue Xi maintenance defects
through the DNA methylation pathway. Here, we will define when
L3P±females are lost and if Xi maintenance defects underlie L3P±
female loss. Furthermore, wewill examine if FA rescues Ximaintenance
defects in L3P±females and identify the L3P genetic component. In
addition, we will identify genes downstream of L3P genetic component
and FA pathway. Finally, we will examine the epigenetic changes that
result from a multi-generational FA diet. Together, these studies will
provide insights into themolecularmechanisms bywhich FA influences
epigenetic processes during mammalian development. These studies
are of relevance to human health considering US population-wide grain
fortificationwith FA andmaternal periconceptional use of FA to decrease
the risks of birth defects.
doi:10.1016/j.ydbio.2011.05.365
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Sprouty loss of function mutations in the mouse results in defects
characteristic of 22q11 deletion syndrome, which are exacerbated
by Tbx1 haploinsufficiency
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